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Specification 


1. Title of the Invention: ARC POWER SUPPLY DEVICE 


2. Scope of Patent Claims 

(1) An arc power supply device equipped with: 

an input rectifying unit that rectifies input alternating current and converts it into direct current; 
a reactor and a semiconductor switching element that are established in series between the direct 
current output terminals of said input rectifying unit; 

a smoothing condenser unit into which the voltage of the connection point of said reactor and said 
switching element is inserted through a backflow prevention diode; 

a high frequency converting unit that converts the smooth output of said smoothing condenser unit 
into high frequency alternating current; 

an output rectifying/smoothing unit that rectifies and smoothens said high frequency alternating 
current and feeds it to the arc load; 

a voltage detector that detects the smooth voltage of said condenser unit, and; 
a control unit that feeds drive signals for high frequency switching to said switching element based 
on the detector signals and reference signals of said detector, and regulates said smooth voltage to 
a constant voltage. 

3. Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to an arc power supply device to be placed in an arc device that can be driven 
with multiple input alternating currents with different voltages. 

(Prior Art) 

Conventionally, in arc devices such as arc welding machines and arc fusion machines that can be driven 
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with both 100V or 200V commercial alternating current power supplies, arc power supply devices having 
the structure shown in Figure 2 are established as constant current controlled direct current power supply 
devices, for example. 

In Figure 2, (1) and (2) represent a pair of alternating current input terminals that are connected to a 100V 
or 200V single phase alternating current power supply. (3) and (4) are 2 input changing switches that are 
switched simultaneously. These are formed from 2-contact point changeover switches having 100V 
contact points (a) and (a)' and 200V contact points (b) and (b)\ and the changeover pieces are connected to 
input terminal (1). 
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(5), (6), (7), and (8) are 4 diodes that rectify the input alternating current of input terminals (1) and (2). The 
cathode of diode (5) and the anode of diode (6) are connected to input terminal (1), and the cathode of 
diode (7) is connected to the cathode of diode (6). The cathode and anode of diode (8) are respectively 
connected to the anode of diode (7) and the anode of diode (5), and the connection point of the anode of 
diode (7) and the cathode of [handwritten: diode] (8) is connected to contact point (b) of switch (3). These 
form an input side rectifier that performs 100V double voltage rectification and 200V full wave 
rectification. 

(9) and (10) are 2 condensers for smoothing that are connected in series. The series circuits of both 
condensers (9) and (10) are established in parallel in the series circuits of diodes (7) and (8), and the 
connection point of both condensers (9) and (10) is connected to the contact point of switch (3). (11) and 

(12) are 2 resistors for voltage equalization that are established in parallel on condensers (9) and (10), 
respectively, and together with condensers (9) and (10), they form an input side smoothing circuit. 

(13) and (14) are 2 NPN-type switching transistors, and the emitter of transistor (13) and the collector of 
transistor (14) are connected. The collector of transistor (13) is connected to the connection point p of the 
cathodes of diodes (6) and (7), and the emitter of transistor (14) is connected to the connection point n of 
the anodes of diodes (5) and (8). 

(15) is a transformer for high frequency output that is equipped with a primary winding (15a) and a 
secondary winding (15b) with an intermediate tap. One end of primary winding (15a) is connected to the 
connection point of transistors (13) and (14) through condenser (16) for direct current elimination, and the 
other end of primary winding (15a) is connected to the connection point of condensers (9) and (10). 

(17) and (18) are 2 diodes that form an output side rectifier, and the anodes are respectively connected to 
both ends of secondary winding (15b). (19) is a reactor for smoothing with one side that is connected to the 
cathodes of diodes (17) and (18), and (20) is the object to be processed, which is connected to the other end 
of reactor (19). (21) is a torch electrode that forms the arc load along with the object to be processed (20), 
and it is connected to the intermediate tap of secondary winding (15b) through current detector (22). 

(23) is an inverter drive circuit that outputs high frequency switching driver signals between 1 and 20KHz 
to the bases of transistors (13) and (14). Contact point signals of activation switch (24) and current detector 
signals of detector (22) are inputted, and the start and finish of the drive control of transistors (13) and (14) 
are controlled based on the contact signals of switch (24). The switching of transistors (13) and (14) are 
controlled based on the detector signals of detector (22), and the feedback of the load current that carries 
the arc load is kept at a constant current. 

(25) is the power supply transformer of driver circuit (23) that is equipped with a primary winding (25a) 
with an intermediate tap and a secondary winding (25b). The intermediate tap and one end of primary 
winding (25a) are respectively connected to contact points (a)' and (b)' of switch (4), and the other end of 
primary winding (25a) is connected to input terminal (2). Furthermore, both ends of secondary winding 
(25b) are connected to driver circuit (23). 

Based on the 100 V and 200V of input alternating current fed to input terminals (1) and (2), switches (3) 
and (4) are switched to contact points (a) and (a)' or contact points (b) and (b)' in advance through manual 
operations. 

In other words, in the case in which the input alternating current is a 100 V power supply alternating 
current, switches (3) and (4) are switched to contact points (a) and (a)'. The input alternating current is 
double-voltage rectified and converted into direct current through the full wave double voltage rectification 
of diodes (5) and (6) and condensers (9) and (10), and a 290V (100V x 2x2) direct current voltage is 
generated between connection points p and a 
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As the direct current voltage between connection points p and n is applied to the series circuits of 
transistors (13) and (14), transistors (13) and (14) are switched to high frequencies opposite to one another 
due to driver signals of driver circuit (23), and a high frequency voltage is applied to primary winding (15a) 
through condenser (16). 

Furthermore, while a high frequency alternating current is induced in secondary winding (15b) based on the 
high frequency applied voltage of primary winding (15a), the high frequency alternating current of 
secondary winding (15b) is rectified and smoothed by diodes (17) and (18) and reactor (19), and direct 
current output is fed to the object to be processed (20) and torch electrode (21) arc load. 

Moreover, the load current that carries the arc load is detected by detector (22), and a detector signal that is 
proportional to the load current is outputted from detector (22) to driver circuit (23). 
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Incidentally, driver circuit (23) operates based on the output direct current of secondary winding (15b), and 
it starts the drive control of transistors (13) and (14) according to the input of the contact signals of the 
activation operation of switch (24). 

In order for the detector signals of detector (22) to agree with the reference signals that are internally 
configured, driver circuit (23) controls the switching frequencies of transistors (13) and (14), and the 
feedback of the load current is kept at a constant current. 

On the other hand, in the case in which the input alternating current is a 200V power supply alternating 
current, switches (3) and (4) are switched to contact points (b) and (b)\ The input alternating current is 
converted into direct current through the full wave rectification of diodes (5) ~ (8) and the smoothing of 
condensers (9) and (10), and a 290V (200V x 2) direct current voltage is generated between connection 
points p and n in this case as well 

In the same manner as with the 100V power supply alternating current, direct current output is fed to the 
arc load by transistors (13) and (14), transformer (15), diodes (17) and (18), reactor (19), and detector (22) 
and driver circuit (23). 

Moreover, as switch (4) is switched to contact point (b)', an alternating current with the same voltage as in 
the case of the I00V power supply alternating current is generated in the secondary winding (25b). Rated 
voltage output alternating current is fed to driver circuit (23), driver circuit (23) operates normally. 

The starting and stopping of the control of transistors (13) and (14) by driver circuit (23) are controlled 
based on the contact signals of the activation and stopping operations of switch (24), and the feeding of 
direct current to the load is controlled. 

Moreover, conventional arc power supplies that are established as constant voltage controlled direct current 
power supply devices are usually formed using a voltage detector in place of detector (22) in Figure 2. 

(Problems to be Solved by the Invention) 

Incidentally, in the case of the aforementioned conventional arc power supply device, it is necessary to 
switch operation switches such as switches (3) and (4) in accordance with the voltage of the input 
alternating current, and troublesome operations are required. In addition, in the case of 200V input 
alternating current, for example, there is the problem that if switches (3) and (4) are mistakenly switched to 
(a) and (a)', each circuit part of the device will be damaged by high input voltages. 

Moreover, in the case of 100V input alternating current, double voltage rectification is performed with a 
condenser input type structure, and at this time, only the nearly positive and negative peak level portions of 
the sinusoidal input alternating current are used after flowing through condensers (9) and (10) based on the 
charging and discharging of the condensers. Even if it is converted into high frequency direct current and 
the conversion efficiency is increased, it is not possible to feed a sufficient current to the arc device at the 
time of input of a low capacity 100 V single phase alternating current power supply, for example, and the 
power efficiency of the device that includes the power supply device becomes low. Furthermore, there is 
also the problem that distortion occurs in the input alternating current waveforms, having a negative effect 
on other devices that operate using the same alternating current power supply. 

The objective of the present invention is to provide an arc power supply device that improves the 
operationality by omitting switching operations corresponding to the voltage of input alternating current, 
improves the utilization efficiency of input alternating current, and eliminates the distortion of input 
alternating current waveforms. 

(Means for Solving the Problems) 
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Means for achieving the aforementioned objectives will be explained hereafter with reference to Figure 1, 
which corresponds to an embodiment of the invention. 

The present invention provides an arc power supply device equipped with: 

rectifier (26) as an input rectifying unit that rectifies input alternating current and converts it into 
direct current; 

reactor (27) and switching transistor (28) as a semiconductor switching element that are 
established in series between the direct current output terminals of said input rectifier (26); 
smoothing condenser unit (30) into which the voltage of the connection point of said reactor (27) 
and said transistor (28) is inserted through a backflow prevention diode (29); 
high frequency converting unit (3 1) that converts the smooth output of said smoothing condenser 
unit (30) into high frequency alternating current; 

output rectifying/smoothing unit (32) that rectifies and smoothens said high frequency alternating 
current and feeds it into the arc load; 

voltage detector (33) that detects the smooth voltage of said condenser unit (30), and; 
active filter control circuit (34) as a control unit that feeds drive signals for high frequency 
switching to said transistor (28) based on the detector signals and reference signals of said detector 
(33), and regulates said smooth voltage to a constant voltage. 

(Operation) 
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Therefore, the switching frequency of transistor (28) varies based on the detector signals of detector (33) as 
well, and the smooth voltage of condenser unit (30) is regulated to a constant voltage. The smooth voltage 
is held at a constant voltage regardless of the voltage of the input alternating current, and direct current 
output is fed to the arc load by the operations of converting unit (31) and rectifying/smoothing unit (32) 
based on the smooth output of this constant voltage as well. 

Due to the charging and discharging of reactor (27) based on the high frequency switching of transistor (28) 
as well, the stored energy of reactor (27) is then added to the rectified output of rectifier (26) and is 
repeatedly fed to condenser unit (30). The charging of condenser unit (30) is repeated during the entire 
period of the input alternating current, and the utilization efficiency of the input alternating current thus 
improves. 

Furthermore, the input alternating current constantly flows within the device through rectifier (26) due to 
the high frequency switching of transistor (28), and the distortion of input alternating current waveforms is 
thus prevented. 

(Embodiments) 

Next, the present invention will be explained in detail with reference to Figure 1, which shows 1 
embodiment of the invention. 

In Figure 1 , symbols that are the same as in Figure 2 represent the same components as in Figure 2. (26) is 
a rectifier that rectifies the input alternating current of input terminals (1) and (2), and it is made from a full 
wave or half wave diode rectifier. This forms an input rectifying unit, and it outputs rectified output with 
sizes corresponding to the input alternating current from the positive and negative output terminals (+) and 
(-). (27) and (28) are a reactor and an NPN-type switching transistor, respectively, which are established in 
series between the output terminals (+) and (-). The collector of transistor (28) that forms a semiconductor 
switching element is connected to the output terminal (+) through reactor (27), and the emitter of transistor 

(28) is connected to the output terminal (-) through current detector (35). (36) is a condenser for surge 
absorption that is established in parallel in the series circuit of reactor (27), transistor (28), and detector 
(35). 

(29) is a backflow prevention diode that is connected to the connection point of reactor (27) and the 
collector of transistor (28). (37) and (38) are 2 condensers for smoothing that form smoothing unit (30), 
and they are established in series between the cathode of diode (29) and the emitter of transistor (27). The 
connection point P of the cathode of diode (29) and condenser (37) is connected to the collector of 
transistor (13), and the connection point N of condenser (38) and the emitter of transistor (27) is connected 
to the emitter of transistor (14). (34) is a voltage detector that is established between connection points P 
and N, and it outputs voltage detector signals that are proportional to the smooth voltage between 
connection points P and N. 

(39) is a DC/DC converter circuit to which the smooth output of smoothing unit (30) that is generated 
between connection points P and N is fed, and it feeds a drive direct current to an inverter drive circuit and 
an active filter control circuit, which will be described below. (34) is an active filter control circuit for the 
drive control of transistor (28), and it is comprised of a digital control circuit that is driven by the electricity 
supplied from converter circuit (39). This control circuit (34) feeds high frequency switching drive signals 
with changing frequencies to the base of transistor (28) during the "on" period in accordance with the 
differences between the voltage detector signals of detector (33) and the constant voltage control reference 
signals that are internally configured, and based on comparisons of the current detector signals of detector 
(35) and the internally configured overload reference signals, it restricts the "on" periods or frequencies of 
switching drive signals to ranges for which transistor (28) does not become overloaded. 
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(40) is an inverter drive circuit that is established in place of driver circuit (23) in Figure 2, and together 
with transistors (13) and (14), transformer (15), and detector (22), it forms a feedback control high 
frequency converting unit (3 1). This is driven by electricity supplied from converter circuit (39), and 
operates in the same manner as driver circuit (23) to output drive signals to transistors (13) and (14). (32) 
is an output rectifying/smoothing unit formed by diodes (17) and (18) and reactor (19). This rectifies and 
smoothens the high frequency alternating current of converting unit (31), and feeds constant current 
controlled direct current to the object to be processed (20) and torch electrode (2 1) arc load. 

The 100V or 200V power supply alternating current that is inputted into input terminals (1) and (2) is then 
rectified with rectifier (26), and at this time, rectified output that is proportional in size to die power supply 
alternating current - that is, the input alternating current - is generated between the output terminals (+) 
and(-). 

Moreover, transistor (28) switches at high frequencies that are sufficiently higher than the power supply 
alternating current due to the drive signals of control circuit (34). During the "on" period of transistor (28), 
rectified output current flows into transistor (28) through reactor (27), and energy with polarity in the 
direction of the arrow shown in the figure is accumulated in reactor (27). [Continued on the next page] 
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[Continued from the previous page] During the "off* period of transistor (29) [sic], a voltage with the 
opposite polarity is generated in reactor (27) based on the accumulated energy, and at this time, condensers 
(37) and (38) are charged by a high voltage, which is formed by adding the voltage of reactor (27) to the 
rectified output voltage, during periods when the input alternating current is not at positive or negative peak 
values -even during periods in which it is near the zero-cross voltage, for example. 

The rectified output is then smoothened by condensers (37) and (38), and smooth output is fed to 
converting unit (3 1) and converter circuit (39) from condenser unit (30). 

Incidentally, the voltage between both ends of condensers (37) and (38) - in other words, the smooth 
voltage between connection points P and N - is detected with detector (33), and voltage detector signals 
that are proportional to the smooth voltage ate outputted from detector (33) to control circuit (34). 

Control circuit (34) then digitally increases the error of the detector signals of detector (33) and the smooth 
constant voltage control reference signals. In order for the detector signals to agree with the reference 
signals, the "on" periods and frequencies of the drive signals to transistor (28) are varied by pulse-width 
modulation or frequency modulation, and the feedback of smooth output voltage is regulated to a constant 
voltage within a range for which components such as transistors (13) and (14) are not damaged. 

Therefore, regardless of whether the input alternating current is a 100 V or 200V power supply alternating 
current, the rectified output that is inputted into condenser unit (30) such that the smooth voltage becomes a 
constant voltage is filter-restricted by control circuit (34), and the smooth output that is outputted from 
filter unit (30) to converting unit (3 1) - in other words, die direct current output voltage - is held at a 
constant voltage. 

Moreover, in order to prevent the damaging of transistor (28) due to overcurrent, detector signals of 
detector (35) are inputted into control circuit (34) along with the detector signals of detector (33). Based on 
digital comparisons of the detector signals of detector (35) - in other words, detector signals that are 
proportional to the rectified output current - and the overcharge reference signals, the variability of the 
"on** periods and frequencies of the drive signals of transistor (26) is restricted such that the current that 
flows through transistor (28) does not exceed the current values of the reference signals. 

Constant current controlled direct current is fed to the arc load due to the operations of converting unit (3 1) 
and rectifying/smoothing unit (32). At this time, regardless of whether the voltage of the input alternating 
current is 100V or 200V, components such as converting unit (3 1) and rectifying/smoothing unit (32) will 
not be damaged. 

Moreover, based on the high frequency switching of transistor (28) and the discharge of the stored energy 
of reactor (27), condensers (37) and (38) are repeatedly charged and an input alternating current is used, 
even in portions other than those in which the input alternating current is close to positive or negative peak 
values. The utilization efficiency of the input alternating current thus improves, and the power efficiency 
of the arc device also improves. 

Furthermore, based on the high frequency switching of transistor (28), the input alternating current 
constantly flows within the device through rectifier (26), and the distortion of input alternating current 
waveforms and adverse effects on other devices are thus prevented. 

In the embodiment described above, the case in which a 100V or 200V power supply alternating current is 
inputted as input alternating current was explained, but the present invention can, of course, be applied to 
cases in which 2 types of alternating currents that differ from those of this embodiment - for example, 
200V or 400V alternating currents - or 3 or more types of alternating currents are inputted as input 
alternating currents. 
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Moreover, the direct current that is fed to the arc load is constant current controlled in the embodiment 
described above, but it is also possible, for example, to establish a voltage detector in place of detector (22) 
and regulate the direct current to a constant voltage. 

Furthermore, the structure of each unit is not limited to the structures of this embodiment - for example, a 
semiconductor switching element other than a switching transistor may be used as the semiconductor 
switching element. 

The present invention can, of course, be applied to the direct current power supply devices of various arc 
devices such as arc welding machines, arc cutting machines, and arc lamps. 

(Effect of the Invention) 

As described above, through the present invention, the smooth voltage of the smoothing condenser unit is 
constant voltage controlled by controlling the high frequency switching of the semiconductor switching 
element, regardless of the voltage of the input alternating current. Switching operations corresponding to 
the voltage of the input alternating current are omitted, making it possible to improve operationality. 
Furthermore, the stored energy of the reactor is used to charge the smoothing condenser unit during the 
entire period of the input alternating current, making it possible to improve the utilization efficiency of the 
input alternating current and improve the power efficiency of arc devices containing the device. 
[Continued on the next page] 
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[Continued from the previous page] Moreover, the present invention is able to prevent the distortion of 
input alternating current waveforms and prevent adverse effects on other devices. 

4. Brief Description of the Drawings 

Figure 1 is a block schematic diagram of 1 embodiment of the arc power supply device of the present 
invention, and Figure 2 is a block schematic diagram of a conventional arc power supply device. 

(26) ... rectifier 

(27) ... reactor 

(28) . . . switching transistor 

(29) . . . backflow prevention diode 

(30) . . . smoothing condenser unit 

(31) ... high frequency converting unit 

(32) . . . output rectifying/smoothing unit 

(33) . . . voltage detector 

(34) . . . active filter control circuit 

Representative Patent Attorney Ryutaro Fujita 


Figure 1 
[see source for figure] 


22, 35. . . current detectors 
26... rectifier 
27... reactor 

28 . . . switching transistor 

29. . . backflow prevention diode 

30. . . smoothing condenser unit 


31... high frequency converting unit 
32. . . output rectifying/smoothing unit 
33. . . voltage detector 
34. . . active filter control circuit 
39. . . DC/DC converter circuit 
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Figure 2 
[see source for figure] 


22. . . current detector 


23 . . . inverter drive circuit 
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